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METHOD FOR CONTROLLING GAS HYDRATES IN FLUID MIXTURES 

Field of the Invention 

The present invention relates to controlling clathrate hydrates, particularly gas 
hydrates, in fluid mixtures, particularly light hydrocarbons in admixture with water. 

5 Background of the Invention 

Clathrate hydrates are crystalline compounds that occur when water forms a 
cage-like structure around guest molecules, particularly gaseous molecules. Clathrate 
hydrates, especially in the petroleum industry, are referred to as gas hydrates, gas 
hydrate crystals, or simply hydrates. In the petroleum industry, gas hydrates pose 

10 particular problems with respect to producing, transporting, and processing of natural 
gas in petroleum fluids. Typical gas hydrates formed in petroleum (hydrocarbon) 
environments are composed of water and one or more guest molecules such as 
methane, ethane, propane, isobutane, normal butane, nitrogen, carbon dioxide, and 
hydrogen sulfite. It is also known that other guest molecules such as ethane, nitrous 

15 oxide, acetylene, vinyl chloride, ethyl bromide, oxygen, etc., can also form clathrate 
hydrates. 

It is well established that gas hydrate crystals, when allowed to form and 
grow, can become a nuisance at best and pose a serious problem at worst. Gas 
hydrates can block transmission lines and plug blowout preventers, jeopardize the 

20 foundations of deep water platforms and pipelines, collapse tubing and casing, and 
foul process heat exchangers and expanders. To overcome these problems, several 
thermodynamic measures are possible in principal: removal of free water, 
maintaining an elevated temperature and/or reduced pressure, or the addition of 
freezing point depressants (antifreeze). As a practical matter, the last mentioned 

25 measure, i.e., adding freezing point depressants, has been most frequently applied. 
Thus, lower alcohols and glycols, e.g., methanol, have been added to act as 
antifreezes. However, in order for such substances to be effective, it is necessary 
that they be added in substantial amounts, e.g., 30% by weight of the water present. 
Not only is this expensive, it poses an additional problem since the addition of such 

30 large am unts of antifreeze requires that they be recovered prior to further processing 



WO 97/13824 PCT/US96/15770 

-2- 

f the fluid mixture, e.g., the gas-water mixture. 

It has been known for some time that in lieu of antifreezes, one can employ 
a crystal growth inhibitor that inhibits the formation of the gas-hydrate crystals and/or 
the agglomeration of the gas hydrate crystallites to large crystalline masses sufficient 
5 to cause plugging. Thus, surface active agents such as phosphonates, phosphate 
esters, phosphonic acids, salts and esters of phosphonic acids, inorganic 
polyphosphates, salts and esters of inorganic polyphosphates, polyacrylamids, and 
polyacrylates have been used. 

It is also known that poly-N-vinyl-2-pyrrolidone (PVP), which is a well-known 
10 water-soluble polymer, is effective, in relatively low concentrations, in interfering 
with the growth of gas-hydrate crystals. W094/12761, published June 9, 1994, 
discloses other additives for inhibiting crystal growth and controlling the formation 
of gas hydrates in fluid mixtures such as are encountered in the hydrocarbon industry 
in the production, transportation, and processing of petroleum and natural gas fluids. 
15 Summary of the Invention 

It is therefore an object of the present invention to provide an improved 
method for controlling the formation and/or growth of gas hydrate crystals in fluid 
mixtures. 

Another object of the present invention is to provide a method for inhibiting 
20 the formation and/or growth of gas hydrate crystals in a fluid mixture containing 

hydrocarbons and susceptible to gas hydrate formation. 

Still another object of the present invention is to provide a method for 

controlling gas hydrate and/or growth formation in hydrocarbon streams such as 

natural gas streams and other low boiling hydrocarbon fluids. 
25 Still a further object of the present invention is to provide a method for 

inhibiting gas hydrate and/or growth formation that utilizes relatively small amounts 

of crystal growth inhibitor, thereby obviating the necessity for recovering such 

inhibitor. 

The above and other objects of the present invention will become apparent 
30 from the descripti n given herein and the appended claims. 

The present invention provides a method for controlling gas hydrate formation 
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in a fluid mixture containing water and susceptible to the formation of such gas 
hydrates. In the method according to the present invention, there is added to the fluid 
mixture an effective amount of a gas hydrate growth inhibitor or additive that can be 
generally described as a polyoxyalkylenediamine. In particular, the alkoxylated 
! diamines that are useful in the method of the present invention of the general formula: 



Ri K 

N-R 3 -N m 

R 2 R 5 



wherein: 

10 R, is independently H, — [— C^O— ] B — H, or an alkyl group having from 

1 to 24 carbon atoms, 

R 2 is independendy H or — [— C n H 2n O— ] b — H, 
R 3 is independendy -[-CH 2 -] C - or -CjH M — [-OCJHa.-].-, 
R4 is independently H or — [— C^H^O— 
15 R 5 is independendy H or — [— CJI^O— H, 

and wherein: 
a is 1-8, 
b+f+g=3-30, 
c is 1*6, 
20 d is 1-6, 

e is 1-8, and 
n is 2 or 3. 

Description of the Preferred Embodiments 



As used herein, the word "controlling, " when used in reference to gas hydrate 
25 crystals or gas hydrates, is used in the context of inhibiting the formation of gas 
hydrates as well as preventing growth of gas hydrates that have formed; i.e., the 
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additive prevents hydrate masses from forming a mass or masses that become so large 
as to impede the flow of the fluid stream. Additionally, while it will be understood 
that the present invention is useful in any fluid mixture wherein gas hydrates can 
form, it finds particular utility in the control of gas hydrate formation that could occur 
5 during the extraction of natural gas and petroleum fluids, e.g., low boiling 
hydrocarbons, from a producing well, during transportation of such gas and fluids, 
and during processing of such gas and fluids. Thus, the invention is particularly 
applicable to controlling the formation of gas hydrates in fluid mixtures that comprise 
a gaseous phase and an aqueous phase, the gaseous phase being a low boiling 

10 hydrocarbon, as, for example, a hydrocarbon containing from about 1 to 4 carbon 
atoms such as methane, ethane, propane, butane, etc. The invention thus relates, in 
one aspect, to a method for inhibiting the formation, growth and/or agglomeration of 
gas hydrate crystals in a mixture containing low boiling hydrocarbons in water. 

In performing the method of the present invention, there is admixed with a 

IS fluid mixture, which contains water and at least one guest substance, rendering the 
fluid mixture susceptible to the formation of gas hydrate crystals, an effective amount 
of an additive having the general formula: 

R, R4 

20 R 2 R 5 



wherein: 

Ri is independently H, — [— C^H^O— ],— H, or an alkyl group having from 
1 to 24 carbon atoms, 

R 2 is independently H or — [— QH^O— ] b — H, 
25 R 3 is independently -[-CH 2 -] C - or -"C d H M -[--OC n H 2 -].-, 

R< is independently H or — [— C n H 2n O— 1,—H, 
R 5 is independently H or — [— C^O— ] g — H, 
and wherein: 
a is 1-8 
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b+f+g=3-30, 
c is 1-6, 
d is 1-6, 
e is 1-8, and 
5 n is 2 or 3. 

Preferred are compounds, falling within the above general formula, that have the 
following formulae: 

R 

I [CH^O-Jf-H 
10 H-t-OC^-k-hMCH^-N [II] 

[C 0 H 2n O-] g -H 

wherein x = l-4 and R is an alkyl group having from 1 to 20 carbon atoms. 

H J N-C,H M -t-OC n H Jll -].-NH J [IIT] 



In a particular preferred embodiment of the present invention, employed are the 
IS compounds having the following general formulae: 

CH, 

CH 3 R I 
I I [CHCHjO— )i-H 

H-[-OCH J CH-].-N-[CHJ 3 -N [IV] 
20 [CHCHjO— ].-H 

I 

CHj 

wherein R has from 16 to 18 carbon atoms. 



CH, CH 3 
25 I I [V] 

HjN-CHCH 2 -[OCHjCH-]j 6 -NH 2 
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In the case of compounds having the formula shown in Formula II, it is preferred that 
the sum of b+f+g be from about 20 to about 30, more especially from about 25 to 
about 30. Compounds having the structure shown in Formula IV are commercially 
marketed as Ethoduomeen T/25 by Akzo and are commonly referred to as 
5 polyethoxylated N-tallowpropylenediamine. The compound shown in Formula V is 
commercially marketed by Huntsman Corporation as Jeffamine D-230 and is a 
polyoxypropyienediamine. A compound having the structure in accordance with 
Formula ID is marketed by Huntsman Corporation as Jeffamine EDR- 148 and is a 
methylene glycol diamine. 

10 The fluid mixture that can be treated in accordance with the process of the 

present invention comprises any fluid or fluids comprising water and guest molecules, 
which water and guest molecules together can form clathrate hydrates. The fluid 
mixture may comprise any combination of one or more gaseous phase, aqueous liquid 
phase, and organic liquid phase, and in any and all proportions. Typically, the fluid 

15 mixture will comprise at least two fluid phases-a gaseous phase, which comprises 
guest molecules, and an aqueous liquid phase. Generally, a suitable fluid mixture 
will comprise an organic liquid phase as well as a gaseous phase and an aqueous 
liquid phase. 

The present invention finds particular utility with fluid mixtures comprising 
20 a continuous aqueous liquid phase as opposed to a water-in-oil-type emulsion wherein 
the aqueous phase is dispersed as small, emulsified droplets throughout a continuous 
organic phase. Thus, the present invention is particularly useful, for example, when 
the fluid mixture comprises a gaseous phase and an aqueous liquid phase in the 
absence of an organic liquid phase, or at least in the absence of an organic liquid 
25 phase of significant volumetric proportion relative to the aqueous liquid phase. The 
present invention will control clathrate hydrates in an aqueous phase, whether such 
aqueous phase is in a gas/aqueous liquid mixture or in a gas/aqueous liquid/organic 
liquid mixture. Also, in a gas/aqueous liquid/organic liquid mixture, it is not 
necessary that the organic liquid phase predominate over the aqueous liquid phase 
30 since it is not necessary to disperse the aqueous phase in small droplets in an 
emulsified form. 

The gas hydrate inhibitor or additive of the present invention can be added to 
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the fluid mixture in a variety of ways, the lone requirement being that the additive 
be sufficiently incorporated into the fluid mixture to control the hydrate formation. 
For example, admixing of the hydrate inhibitor or additive and the fluid mixture can 
be affected by mixing the additive into the fluid system, such as into a flowing fluid 
5 stream. Thus, the inhibitor could be injected into a downhole location in a producing 
well to control hydrate formation in fluids being produced through the well. 
Likewise, the additive could be injected into the produced fluid stream at a wellhead 
location, or even into piping extending through a riser, through which produced fluids 
are transported in offshore producing operations from the ocean floor to the offshore 

10 producing facility located at or above the surface of the water. Additionally, the 
additive could be injected into a fluid mixture prior to transporting the fluid mixture, 
such as by injecting the additive into the fluid mixture, which is then transported, as, 
for example, via a subsea pipeline from an offshore producing location to an onshore 
gathering and/or processing facility. 

IS Incorporation or admixing of the hydrate inhibitor or additive into the fluid 

mixture may be aided by mechanical means such as are well known in the art, as, for 
example, by using conveniently located static in-line mixers on a pipeline. In most 
pipeline transportation applications, however, sufficient mixture and contacting will 
occur due to the turbulent nature of the fluid flow, and mechanical mixing aids are 

20 not necessary. 

The amount of additive required to be admixed with any particular fluid 
mixture will depend upon the composition of that system and the conditions of 
temperature and pressure to which the fluid mixture will be subjected. Thus, 
knowing such parameters, an effective amount of the hydrate inhibitor or additive can 

25 be easily determined and added to a given fluid mixture. Generally, however, the 
hydrate inhibitor will be admixed with the fluid mixture so as to be present in an 
amount of from about 0.01 to about 5% by weight, preferably from about 0.05 to 
about 1% by weight, of the water present in the fluid mixture, more particularly in 
an amount of from about 0.03 to about 0,75% by weight of the water present in said 

30 fluid mixture. 

In order to more fully illustrate the present invention, the following non- 
Limiting examples are presented. 
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An accelerated, simulated gas hydrate formation test procedure was used for 
the testing of the efficiency of the method of the present invention. The test 
apparatus consisted of a 60-foot long, 1mm ID stainless steel tubing coil (simulated 

5 pipeline) immersed in a temperature controlled bath filled with an ethylene 
glycol/water mixture. A solution of 20% by weight tetrahyfuran (THF) in admixture 
with 3.5 % by weight sodium chloride in water with and without various additives was 
circulated by a pump from a reservoir through the coil at a rate of from 0.05 to 0.1 
nuVmin by means of a pressure gauge and recorder disposed between the pump 

10 discharge and the coil. A 15 micron filter in the circulating loop (pump intake) 
ensured that pressure build-up was not occasioned by plugging from impurities. A 
provision was made to determine back pressure in the simulated gas pipeline over 
time. In the table below there is shown the efficiency of various additive compounds 
in the simulated, gas hydrate inhibition test. The times (freeze times) listed in the 

15 table (an average of five runs each) reflect the elapsed time at which fluid flow 
through the simulated pipeline was essentially plugged by gas hydrate formation. 



Test 


No 


VC-713' 


VC-713 


PVP 3 


D-230* 


D-230 


D-400 




Temp. 


Additive 


0.5% 


0.05% 


0.5% 


0.5% 


0.05% 


0.5% 


»n 


















(KB 

% 5 


-7°C 


15 hr 


>24 hr 


>24 hr 


>24 hr 


>24 hr 


>24 hr 




r 


-8°C 


5 hr 














r 


-9°C 


0.7 hr 


1.25 hr 


0.58 hr 


1 hr 


6.5 hr 


0.35 hr 


>24 hr 


**4 


-10°C 


0.23 hr 


0.5 hr 




0.5 hr 


0.22 hr 




>24 hr 


r8 


-12°C 


5 min 


15 min 




5 min 


5 min 




10 min 


In 



25 Specialty Products. 

*PVP - polyvinylpyrrolidone; marketed by international Specialty Products. 
^Jefemire I>230, Jenamine D400 - rxfyprcpyfene gycd (famine; martefcd by Himran CciporatiorL 
4 Jeffamine EDR-148 - triethylene glycol diamine; marketed by Huntsman Corporation. 
'Bhakoreen T/25 - ptyftoxyfated N^Ib^prq^ykrecSanwe; mated by Atao Nobd Chemicals, be 
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As can be seen from the data in the table, the present invention provides a 
clearly superior method of inhibiting gas hydrate formation as compared with a 
typical thermodynamic inhibitor such as ethylene glycol, which is commonly used for 
such purposes. Indeed, it can be seen that a level of 0.5% glycol concentration, this 

5 test mixture freezes faster than the test mixture with no additive. Of greater 
importance is the fact that the method of the present invention works as well as, and 
in many case better than, prior art kinetic inhibitors such as VC-713 and PVP at the 
recommended concentration of 0.5% and almost as well at a level of 0.05%, one- 
tenth of the recommended concentration of the prior art kinetic inhibitors. A distinct 

10 advantage of the method of the present invention is that the hydrate inhibitors are 
amphophilic in nature, thus soluble in both aqueous and organic (hydrocarbon) 
phases. The inhibitor compounds used in the method of the present invention can be 
delivered as a solution in alcohol, water, or a mixture thereof. Advantageously, and 
to prevent further addition of water to the fluid mixture, the product can be injected 

15 into the fluid mixture in a hydrocarbon solution. 

The foregoing disclosure and description of the invention is illustrative and 
explanatory thereof, and various changes in the method steps may be made within the 
scope of the appended claims without departing from the spirit of the invention. 
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What is claimed is: 

1. A method for controlling the formation of gas hydrate crystals in a 
fluid mixture comprising: 

admixing with said fluid mixture an effective amount of at least one additive 
5 having the general formula: 

R, R, 

N-R,-N m 
R 2 R, 

wherein: 

10 R, is independently H, — [— C n H 2n O— H, or an alkyl group having from 

1 to 24 carbon atoms, 

R 2 is independently H or — [—CH^O— ] b — H, 

R 3 is independently — [— CH 2 — ] c — , or — CjHm— [— OC„H 2n — ] e — , 

R4 is independently H or — CnH^O— ]r~ H, 
15 R 5 is independently H or — [— C n H 2n O— ] g — H, 

and wherein: 

a is 1-8, 

b+f+g=3-30, 

c is 1-6, 
20 d is 1-6, 

e is 1-8, and 

n is 2 or 3. 

2. The method of Claim 1 wherein said additive is present in an amount 
of from about 0.01 to about 5% by weight of the water present in said fluid mixture. 



25 



3. The method of Claim 1 wherein said additive is present in an amount 
of from about 0.03 to about 0.75% by weight of the water present in said fluid 
mixture. 
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4. The method of Claim 1 wherein said fluid mixture comprises a gaseous 
phase and an aqueous phase. 

5. The method of Claim 1 wherein said fluid mixture comprises a gaseous 
phase, an aqueous phase, and an organic liquid phase. 

5 6. The method of Claim 1 wherein said fluid mixture contains a low 

boiling hydrocarbon. 

7. The method of Claim 6 wherein said low boiling hydrocarbon contains 
from 1 to 4 carbon atoms. 

8. The method of Claim 1 wherein said additive is a compound having the 
10 formula: . 

R 

I [C^OHr-H 
H-I-OC^-L-N-CCH^-N [ID 

[Qft.0-1.--H 

15 wherein x - M and R is an alkyl group having from 1 to 20 carbon atoms. 

9. The method of Claim 1 wherein said additive is a compound having the 
formula: 

H^-QHy-t-OC.H^-L-NH, [HI] 



10 The method of Claim 8 wherein said compound has the formula*. 

20 CH 3 

CH 3 R I 
I I [CHCH 2 0-Jr-H 

H-|-OCH,CH-] b -N-[CHJ 3 -N [TV] 

[CHCH 2 0-],-H 



25 
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wherein R has from 16 to 18 carbon atoms. 

11. The method of Claim 9 wherein said compound has the formula: 
CH 3 CH 3 

I I [V] 

i H 2 N— CHCH 2 — [OCH 2 CH— ] 2 «— NH 2 



12. 



The method of Claim 9 wherein said compound has the formula: 
HiN-CCHJj-l-OCHjCHj-^-NHi [VI] 
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